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APPENDIX OF CLAIMS 

1 . Method for detecting the wood surface profile of a log, characterized in that one 
optical image analysis system and at least one further measuring system is used to 
determine the wood surface profile. 



2. Method according to claim 1, characterized in that said optical image analysis 
system creates an image of a log end, which image is created by a non-transradiating 
technique. 

3. Method according to claim 1 or2, characterized in that a log end image, obtained 
by said optical image analysis, is combined with positions for individual points in the log, 
whose positions have been obtained with another, under bark measuring system in order 
to determine the wood surface profile. 

4. Method according to claim 1 or 2, characterized in that a log end image, obtained 
by said optical image analysis, is combined with positions for individual points on the log, 
whose positions have been obtained with another, on bark measuring system in order to 
determine the wood surface profile. 

5(Amended). Method according to claim 1 or 2, characterized in that a log end 
image, obtained by said optical image analysis, is combined with another log end image 
obtained with some other measuring method. 

6(Amended). Method according to claim 1 or 2, characterized in that a log end 
profile, obtained by said optical image analysis, is replaced or combined with another log 
end profile, obtained with some other measuring method, in those areas of the wood 
surface profile where the wood surface profile obtained by the image analysis is less 
accurately determined than the wood surface profile obtained with some other measuring 
method for the same area. 
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7(Amended). Method according to claim 1 or 2, characterized in that measurement 
results, obtained by some other measuring method, are used integrated in the image 
analysis to determine the wood surface profile. 

8. Device for detecting the wood surface profile of a log, characterized in that said 
device comprises at least one optical image analysis system and at least one further 
measuring system, which systems are used to determine the wood surface profile. 

9. Device according to claim 8, characterized in that said optical image analysis 
system comprises a non-transradiating measuring system, which creates an image of a log 
end. 

1 0. Device according to claim 8 or 9, characterized in that said another measuring 
system is an under bark measuring system, which determines positions for individual points 
in the log. 

1 1 . Device according to claim 8 or 9, characterized in that said another measuring 
system is an on bark measuring system, which determines positions for individual points 
on the log. 
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APPENDIX OF MARKED UP VERSION OF CLAIMS 

5(Amended). Method according to [anyone of the claims 1 to 4] claim 1 or 2 , 
characterized in that a log end image, obtained by said optical image analysis, is combined 
with another log end image obtained with some other measuring method. 

6(Amended). Method according to [anyone of the claims 1 to 5] claim 1 or 2 , 
characterized in that a log end profile, obtained by said optical image analysis, is replaced 
or combined with another log end profile, obtained with some other measuring method, in 
those areas of the wood surface profile where the wood surface profile obtained by the 
image analysis is less accurately determined than the wood surface profile obtained with 
some other measuring method for the same area. 

7(Amended). Method according to [anyone of the claims 1 to 6] claim 1 or 2 . 
characterized in that measurement results, obtained by some other measuring method, are 
used integrated in the image analysis to determine the wood surface profile. 
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Field of the invention 
The present invention refers to a method for automatic detection of the wood 
surface of a log. The method is mainly intended to be used in a sorting plant for 
saw timber with the purpose of measuring dimensions and properties of 
individual logs in order to make a better classification of the individual logs with 
respect to selected properties, such as shape and dimension, and thereby 
maximize the sawyield. 

State of the art 

Today both older measuring equipment, which generally relies on shadow 
registration, and more modern measuring equipment based on laser techniques 
(see e.g. SE 508718) are used for sorting and measuring logs. A common trait for 
this measuring systems is that they measure the dimensions of the log on top of 
the bark, despite the fact that one, from a sawyield point of view, in practice only 
is interested in the log characteristics, such as dimensions and profile, under the 
bark. In the last years, the development of equipment for log measurements has 
therefore also been directed to transradiating techniques, such as X-ray 
techniques (see e.g. US 5394342 and US 5023805). However, the X-ray technique 
is inherently very expensive and has not come into practical use. 

At present, there are no systems for sorting and measuring separate logs 
based on image analysis. Since image analysis often is based on operations that 
detect edges and lines in the picture, it is required that the analyzed object is 
clean enough for the searched edges and lines to be identifiable. In a sorting 
plant this prerequisite is often not satisfied, since the end surfaces of the logs 
often are contaminated with, for example, dirt, snow or colour marks. 

Background of the invention 

Existing measuring systems for sorting logs based on their dimensions rely 
on shadow measurement in one or two directions by a measuring frame, or laser 
technique. Both types of system measure the outer dimensions of the log with the 
bark included. For the sorting, the system has then to be provided with 
information regarding the bark thickness of the log. The bark thickness is 
estimated by means of a value based on experience and existing data about bark 
thickness for different sorts of woods. In a sorting plant, one person visually 
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classifies all logs into a number of quality classes, and this person makes a 
classification of the bark thickness into three different classes. Consequently, for 
an individual log, the maximum sawyield is not obtained, since the bark 
thickness varies for individual logs. 

The person who makes the classification has an increasing number of 
qualities to grade, and there is always a demand from the sawmills to increase 
the log throughput. A higher degree of automatization in the classification 
stations is therefore desirable because of the subjectivity in the classification, the 
arduous working condition for the person conducting the classification and the 
demand for higher rate of log throughput etc. 

Image analysis is a technique often used to localize objects in a picture, for 
instance by means of boundary or edge detection. The present invention utilizes 
image analysis to detect points on the borderline between the wood and the bark 
in order to detect the log end profile under the bark, i.e. the wood surface profile. 
However, a log end may be so contaminated that it is impossible to use image 
analysis to find a continuous borderline between the wood and the bark around 
the whole end of the log. The contamination can, for instance, consist of pitch, 
dirt, blue stains, snow, ice, colour marks etc. The image analyses can also mix-up 
the boundary between the wood and the bark with other types of lines or edges, 
such as prominent growth rings. 

The shape of the log end varies for individual logs. It is therefore not 
possible to directly apply industrial applications of image analysis, in which 
shape and size of the objects are known. It is also not realistic either to position 
the log ends with same degree of accuracy or to prevent contamination in the 
same extent as in controlled industrial environments in order to racilitate the 
image analysis. 

The present invention solves the problems above by means of a combination 
of image analysis for detecting points on the wood surface profile and another 
system for measuring in points on a log end, preferably by measuring in points on 
top of the bark by, for example, a shadow measurement, but also by 
measurements of points situated on other places, for instance on the wood 
surface, by X-ray measurements, which combination gives a measuring method 
with better accuracy than the present systems and with high reliability. 

By making the image analysis, whereby the whole wood profile under bark 
is detected, integrated, synergistic effects are obtained which makes to method 
well suited for automated classification of logs. 
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Brief description of the drawings 

Figure 1 is a schematic view of the parts included in the method according 
to the invention, in which a log end A is depicted by a imaging sensor 2 and 
points on top of the hark of the log end are measured by another sensor (3, 3^. 
The image of the log end and position information for points on the bark of the 
log end are stored and processed in a computer unit 5. 

Figure 2 shows an image of the log end A, where position information about 
the log end on bark have been transformed to the image plane (Bl and B2) in 
order to detect a wood surface profile P. 

Figure 3 shows a method for integrated image analysis in accordance with 
the invention, in which a measurement of the position for a point B3 on the bark 
of the log end together with an experience based value T and a measure of the 
variation DP are used in order to obtain points that, with a certain probability, 
are lying on the wood surface profile P. 

Figure 4 shows a method for integrated image analysis in accordance with 
the invention, in which an elliptical estimation of the wood surface profile 
together with an experience based value of the bark thickness are fitted into a 
rectangle Pre obtained by a two way shadow measurement. The method 
distinguishes parts of the wood surface profile that are not detectable in the 
image due to bark scrap Qb and contamination Qd. 

Figure 5 shows a method for integrated image analysis in accordance with 
the invention, in which the wood surface is accurately detected for the main part 
of the wood surface profile Pd, while remaining parts Pe are filled in by means of 
on bark measurements of the log end, experienced based values of the bark 
thickness and those portions of the remaining parts Pe that actually can be 
detected. 

Detailed description of the invention 
The invention refers to a method for detecting the profile outlining the 
periphery of the wood surface of a log end by a combination of two measuring 
systems, where: 

51 is a method for determining positions for points on the bark of a log 
end profile in order to estimate the shape of the log end and/or its 
spatial position, and 

52 is an image analysis system, which in an image of a log end surface 
detects image points on the wood surface profile under the bark. 
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Techniques in accordance with the system SI for measurements of the log, 
on top of or under the bark, can, for example, be one or more of the following: 
shadow measurements, 

3D-measurements with structured light, such as image analysis, 

together with illumination of the log with a laser slit, 

distance measurement with a sensor measuring the response from 

signals, such as visible light, infrared light, radar, microwaves or some 

other type of electromagnetic radiation, or ultrasound or some other 

type of acoustic signals, and 

mechanical measurements of the log. 

Techniques for creating an image of a log end or a crosscut section of a log in 
accordance with the image analysis system S2 can, for example, be one or more of 
the following: 

an imaging sensor, such as a CCD-camera, 

an imaging sensor which is sensitive for visible light, infrared light, 
thermal infrared or ultraviolet light, or radiation within another part 
of the electromagnetic spectrum, 

an imaging sensor which can create a monochromatic image of the log 
end or an image by means of RGB-separation or hyperspectral imaging 
techniques, and 

a sensor measuring response from signals sent into the log, such as 
ultrasound or some other acoustic signals, or radar, microwaves, radio 
waves, or some other type of electromagnetic radiation. 

By the term "log end" as used herein is meant a crosscut section including 
wood and bark (indicated with C in Figure 1). When measuring the dimension of 
a log, for example the log diameter, in order to estimate the sawyield, one 
generally measures at, or in close proximity to, that end of the log which is 
closest to the top of the tree, since this end, in contrast to the root end, will 
determine the maximum sawyield. 

By the term "wood surface" as used herein is meant the part of the log end 
which consists of wood, i.e. the log end exclusive of the bark. 

Referring now to Figure 1, where an image analysis system according to the 
invention comprises an image-creating sensor 2, such as a video camera, for 
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creating an image A of a log end. The image A is stored and analyzed in a 
computer unit 5. 

The method SI for determining end surface profiles on bark comprises at 
least one measuring system for position determination of at least one point on the 
5 profile around the end surface 3 on bark. 

We now refer to Figure 2. The relation between the two dimensional position 
in the image and the corresponding spatial position on the log end is given by the 
camera equation, i.e. through known relations that depend on the optics of the 
imaging sensor and its position in relation to the log end. 
10 By using the camera equation, positions Bl, B2, measured by the system SI 

on the bark of the log end, can be projected into positions in the image A. 

Consequently, the wood surface profile P can on the one hand be determined 
in the image by determining points on the wood surface profile mainly by 
detecting the borderline between the wood and the bark, and on the other hand 
15 by calculating the probable position for the wood surface profile P by 
measurements on bark, which measurements are transformed into the image 
through the camera equation. 

A better estimation of the position of the wood surface profile P can be made 
if experience based values of the bark thickness are added to the on bark 
20 measurements obtained by the method SI. 

The way of combining SI and S2 can be executed by integrating the on bark 
measurements by SI with the image analysis S2. This is done by, for each point 
along the wood surface profile P, using the one bark measurement to calculate 
the probable position for the wood surface profile P, and use this position in the 
25 image analysis S2 to detect the border between the wood and the bark. 

In those cases, where the image analysis S2 in combination with on bark 
measurements SI are not able to detect the edge between the wood and the bark, 
because of, for example, contamination or bark scrap at the log end, on bark 
measurements Si can, together with experience based values of bark thickness, 
30 be used to fill in those segments in the wood surface profile around the log end 
that are missing in order to obtain a complete wood surface profile. 

In those cases, where the image analysis S2 in combination with on bark 
measurements SI only detect a portion of the total wood surface profile, which 
portion is not large enough, or determined with too low probability, for the whole 
35 wood surface profile to be determined, on bark measurements SI together with 
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experience based values of bark thickness can alone be used to estimate the wood 
surface profile. 

This means that the method according to the invention always measures the 
profile under bark with at least the same accuracy as systems existing today. 
However, the vast majority of the logs will be measured with higher accuracy. 

This reliability is of outermost importance for the development towards a 
higher degree of automatization in sorting and measuring logs in a sawmill. 

A synergetic effect arising from the combination of image analysis S2 and on 
bark measurements SI is that the digital analysis can be concentrated into areas 
in the image which are likely to contain the borderline between wood and bark, 
i.e. the wood surface profile. This feature drastically reduces the amount of time 
the computer unit has to spend on the analysis of image points, or makes it 
possible to use a less powerful processor (and thereby a cheaper one) in the 
computer unit, and a more thorough image analysis can be done for those image 
areas which have been identified as possible candidates for the wood surface 
points. 

Taken together, this gives a reliable, flexible system with high resolution for 
detection and analysis of the dimensions and properties of the under bark lying 
wood surface of a log end. 

The method described above can also be used to detect objects at the log end 
other than the wood surface profile. Such objects can be naturally occurring 
objects, such as growth rings, heartwood or the log centre, or defects, such as 
compression wood, pitch pockets or cracks. 

Examples of preferred embodiments 
Referring now to Figure 3, where a point B3, situated on top of the bark at 
the log end periphery has been measured with the system SI, can be used in the 
analysis by using its position and direction in an image of the log end. The 
direction of point situated on an edge is herein defined as the direction toward 
the interior of the log that is perpendicular to the line outlined by the edge. 

By adding an experience based value T of the bark thickness to the point B3 
in its direction, a new point P' is obtained. This point F constitutes a point, which 
is likely to lie on, or in close proximate to, the wood surface profile. By defining 
an area DP around the point F based on information regarding the variation of 
the bark thickness, an area is obtained, into which the analysis preferably should 
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be concentrated in order to find points lying on the wood surface profile under 
bark. 

By repeating the procedure described above for each point around the log 
end measured by SI, an integrated procedure is obtained, whereby the total 
5 number of points which have to be analyzed by the image analysis system S2 are 
substantially reduced. 

Figure 4 shows a so called shadow measuring device, which is an equipment 
corresponding to SI and commonly used for dimension measurements of logs. 
This device illuminates the log from the side, perpendicularly to the log, in order 
10 to estimate its diameter on bark. The device may be used to create a shadow of 
the log in two directions. 

The image of the log may be registered by a video camera mounted at a 
suitable position along the route of the log in the sawmill, for instance at the 
classification prior to the sorting. 
15 By means of a two way shadow measuring device it is possible to estimate 

the size of the log end and, if the conditions so allows, its position by a rectangle 
Pre in an image of the log end. The probably position in the image for the wood 
surface profile of the log end, corresponding to P' in Figure 3, can be described as 
an ellipse Pee which is fitted into the rectangle Pre by means of an experience 
20 based value of the bark thickness. 

By using the distance from the ellipse Pee to the profile detected by the 
image analysis system S2, it is possible to find those parts of the profile where 
the image analysis is unlikely to be able to determine the wood surface profile at 
the end surface of the log, due to, for instance, bark scrap Qb or contamination 
25 Qd on the log end. 

We now refer to Figure 5. The result of the analysis is the detected profile 
Pd of the wood surface under bark. Those parts, which were not detected with 
enough accuracy by the image analysis, can be estimated by the detected profile 
Pd and the measurement of the log end profile on bark. By the camera equation, 
30 the result is transformed back to the plane of the log end in order to be used in a 
further analysis of, for example, the shape and dimension of the wood surface. 

Although the present invention has been described with reference to specific 
embodiments, also shown in the appended drawings, it will be apparent for those 
skilled in the art that many variations and modifications can be done within the 
35 scope of the invention as described in the specification and defined in the 
following claims. 
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Claims 

1. Method for detecting the wood surface profile of a log, characterized in 
that one optical image analysis system and at least one further measuring 
system is used to determine the wood surface profile. 

5 2. Method according to claim 1, characterized in that said optical image 
analysis system creates an image of a log end, which image is created by a non- 
transradiating technique. 

3. Method according to claim 1 or 2, characterized in that a log end image, 
obtained by said optical image analysis, is combined with positions for individual 

10 points in the log, whose positions have been obtained with another, under bark 
measuring system in order to determine the wood surface profile. 

4. Method according to claim 1 or 2, characterized in that a log end image, 
obtained by said optical image analysis, is combined with positions for individual 
points on the log, whose positions have been obtained with another, on bark 

15 measuring system in order to determine the wood surface profile. 

5. Method according to anyone of the claims 1 to 4, characterized in that a 
log end image, obtained by said optical image analysis, is combined with another 
log end image obtained with some other measuring method. 

6. Method according to anyone of the claims 1 to 5, characterized in that a 
20 log end profile, obtained by said optical image analysis, is replaced or combined 

with another log end profile, obtained with some other measuring method, in 
those areas of the wood surface profile where the wood surface profile obtained by 
the image analysis is less accurately deteirmined than the wood surface profile 
obtained with some other measuring method for the same area. 

25 7. Method according to anyone of the claims 1 to 6, characterized in that 
measurement results, obtained by some other measuring method, are used 
integrated in the image analysis to determine the wood surface profile. 

8. Device for detecting the wood surface profile of a log, characterized in that 
said device comprises at least one optical image analysis system and at least one 
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further measuring system, which systems are used to determine the wood surface 
profile. 

9. Device according to claim 8, characterized in that said optical image 
analysis system comprises a non-transradiating measuring system, which creates 

5 an image of a log end. 

10. Device according to claim 8 or 9, characterized in that said another 
measuring system is an under bark measuring system, which determines 
positions for individual points in the log. 
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11. Device according to claim 8 or 9, characterized in that said another 
measuring system is an on bark measuring system, which determines positions 
for individual points on the log. 
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names are listed below) of the subj ect matter which is claimed and for which a patent is sought on the invention (Design, if applicable) entitled: 
METHOD AND DEVICE FOR LOG MEASUREMENT 
the specification of which (check one): 

□ is attached hereto, or B was filed on: 21 June 2001 as U.S. Application Number or PCT International 

Application Number: PCT/SE00/01314 and (if applicable) was amended on: 21 June 2000 

I hereby state that I have reviewed and understand the contents of the above-identified specification, including the claims, as amended by any 
amendment(s) referred to above. I acknowledge the duty to disclose information which is material to patentability as defined in Title 37, Code 
of Federal Regulations, §1.56. I hereby claim foreign priority benefits under Title 35, United States Code §119 of any foreign application(s) for 
patent or inventor's certificate listed below and have also identified below any foreign application for patent or inventor's certificate having a 



Prior Foreign Application (s) 


Priority 


Claimed 


Number 


Country 


Day/Month/Year Filed 


Yes 


No 


9902422-6 


Sweden 


23 June 1999 


X 
















□ Additional Priority Application(s) Listed on Following Page(s) 



I HEREBY CLAIM THE BENEFIT UNDER TITLE 35 U.S. CODE §1 19(E) OF ANY U.S. PROVISIONAL APPLICATIONS LISTED BELOW. 

Application Number | Day/Month/Year Filed 



□ Additional Provisional Application(s) Listed on Following Page(s) 
I hereby claim the benefit under Title 35, United States Code, §120 of any United States apphcation(s) or PCT international 
application(s) designating The United States of America listed below and, insofar as the subject matter of each of the claims of this application is 
not disclosed in that/those prior application(s) in the manner provided by the first paragraph of Title 35, United States Code, §112, 1 acknowledge 
the duty to disclose information which is material to patentability as defined in Title 37, Code of Federal Regulations, §1.56 which became 



Application Number 


Filing Date 


Status - Patented, Pending or 
Abandoned 















□ Additional US/PCT Priority Application(s) listed on Following Page(s) 
I hereby declare that all statements made herein of my own knowledge are true and that all statements made on information and belief 
are believed to be true; and further that these statements were made with the knowledge that willful false statements and the like so made are 
punishable by fine or imprisonment, or both, under section 1001 of title 18 of the United States Code and that such willful false statements may 
jeopardize the validity of the application or any patent issued thereon. 

POWER OF ATTORNEY: I (We) hereby appoint as my (our) attorneys, with full powers of substitution and revocation, to prosecute 
this application and transact all business in the Patent and Trademark Office connected therewith: J. Ernest Kenney, Reg. No. 19,179; Eugene 
Mar, Reg. No. 25,893; Richard E. Fichter, Reg. No. 26,382; Thomas J. Moore, Reg. No. 28,974; Joseph DeBenedictis, Reg. No. 28,502; 
Benjamin E. Urcia, Reg. No. 33,805; and 

regarding any matter related to the 

-part or divisional based thereon, and any 



I(we) authorize my(our) attorneys to accept and follow instructions fro m Uppsala Patentbyra Ab 
preparation, examination, grant and maintenance of this application, any continuation, continuation-ii 
patent resulting therefrom, untiLI(we)-or"my(our)-assims withdraw this authorization in writing. 



Send correspondence to: 




N & THOMAS, PLLC 

625 Slaters Lane - 4* Floor 
xandria, VA 22314-1176 



Telephone Calls to: J. Ernest Kenney 
(703) 683-0500 



. ' II Full Name of First or Sole Inventor 
VmP Anders J^jGQJQLSJ 

Residence Address 

• VakUrgdUii 42Bj S-754 22 -Uppsala, Sweden 



Citizenship 

Sweden 

Post Office Address is the same as Residence Address unless 
otherwise shown below 
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Prior Foreign Application^) (35 USC §119) 


Priority Claimed 


Number 


Country 


Day/Month/Year Filed 


Yes 


No 























Prior Provisional Applications 35 U.S. Code §1 1 9(e) 


Application Number 


Day/Month/Year Filed 











Prior U.S. or PCT International Applications (35 U.S. Code §120) 


Application Number 


Filing Date 


Status - Patented, Pending or Abandoned 















Full Name of Joint Inventor 

Per WRETBLAD 


Citizenship 

Sweden 


Residence Address 

Kyrkvagen 3, 740 22 Balinge , Sweden 


Post Office Address is the same as Residence Address unless otherwise 
shown below _ ^ >. 


DATE > 

January 16, 2002 ^ v - ^ 


Signature 



Full Name of Joint Inventor 
i Sven ANDERSSON 


Citizenship 

Sweden 


Residence Address 

Fahlstroms vag 8, S-741 92 Uppsala, Sweden ^ 


Post Office Address is the same as Residence Address unless otherwise 
shown below 


° ATE January 16, 2002 





Full Name of Joint Inventor 
I _ Mats NYUNJJlEiL — - 


Citizenship 

Sweden 


Residence Address 

Dalbovagen 41 A, S-756 53 Uppsala, Sweden 

- s,.. 


Post Office Address is the same as Residence Address unless otherwise 
shown below A /7 


Date 

January 16, 2002 





" \ )•» Full Name of Joint Inventor 
^ „, JKejineth ALNES 



Residence Address 

OsttunaTaby, S-751 94 Knivsta, Sweden 



,s Residence Address unless otherwise 



January 16, 2002 



□ See following pages for additional joint inventors/priority applications. 
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